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Abstract

The age-standardized incidence of esophageal cancer (EC) varies from 3 to >100/100,000 per year in different provinces of

Iran. This striking variation of incidence is associated with differences in ethnic backgrounds, raising the possibility that genetic

factors are involved in the pathogenesis of EC. We compared the frequencies of polymorphisms in ten genes that have been

hypothesized to have a role in risk of EC (CYP1A1, CYP2A6, CYP2E1, GSTM1, GSTP1, GSTT1, ADH2, ADH3, ALDH2, and

O6-MGMT) among three Iranian ethnic groups with highly varying rates of EC. These three groups included high-risk

Turkomans, medium-risk Turks, and low-risk Zoroastrian Persians. Compared to Zoroastrians, Turkomans had higher

frequency of four alleles that are speculated to favor carcinogenesis (CYP1A1 m1, CYP1A1 m2, CYP2A6*9, and ADH2*1);

these results are consistent with an influence of these allele variants on the population risk of EC. However, none of these four

alleles had a high enough prevalence in Turkomans to explain the high rates of EC in this group. Three of these four alleles

(CYP1A1 m1, CYP1A1 m2, CYP2A6*9) were less frequent among Turkomans than in some Asian populations with lower risks

of EC. We conclude that it is unlikely that variations in these polymorphic genes are major contributors to the high incidence of

EC among Turkomans in Iran.
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1. Background

Esophageal cancer (EC) is the sixth most common

cause of cancer mortality worldwide [1]. The

incidence of EC is highly variable in different
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populations, with more than a 50-fold difference

between very high- and very low-risk populations [2].

Such striking differences in EC incidence are

observed between different ethnic groups in Iran.

Turkomans in northeastern Iran are considered to be a

very high-risk group, with age standardized rates

(ASR) of above 100/100,000 for both men and women

[3]; Turks in Ardabil province, in the northwest

of Iran, have a moderately high risk, with ASRs of

15–30/100,000 [3,4]; whereas the rates of EC in pure

Zoroastrian Persians in Iran and India are known to be

considerably lower, with ASRs of 3–7/100,000 [5].

One possible explanation for the observed differ-

ences in EC rates between populations may be

differences in their genetic pools. Sunni Muslim

Turkomans and Zoroastrian Persians are geographi-

cally, ethnically, and religiously distinct. Turkomans are

descendants of Oguz Turkic tribes who migrated from

the Altai Mountains on the border of China and

Mongolia to northern Iran [6], have oriental facial

features, and probably have a genetic background

similar to East Asians. Zoroastrian Persians are Aryans,

and therefore, are considered to be Caucasians. Ardabili

Turks are probably a hybrid of Aryans and Turkic tribes

who migrated from East Asia. Therefore, the pattern of

EC incidence in these groups roughly parallels their

ethnic closeness to East Asian ancestors. EC has a very

high incidence in reports from parts of Central Asia

known as ‘Central Asian Esophageal Cancer Belt’, an

area which extends from China and Mongolia to the

northern parts of Iran, but it has a low incidence in

Caucasians [2]. We hypothesized that a possible

contributing factor to the observed differences in EC

rates in these three ethnic groups in Iran might be

different prevalences of specific genetic polymorphisms

in Turkomans, Turks, and Zoroastrians.

Variation in genes involved in metabolizing

xenobiotics is thought to alter individual risk of cancer

[7]. Cytochrome P-450 (CYP) and gluthatione-

S-tranferase (GST) enzymes, which are involved in

the activation and detoxification of xenobiotics, alcohol

and aldehyde dehydrogenases (ADHs and ALDHs),

which metabolize ethanol and retinol, and the DNA

repair enzyme O6-methylguanine-DNA methyltrans-

ferase (MGMT) have all been suggested to have a role

in the etiology of EC. Therefore, we conducted an

ecologic study to determine the prevalence of some

polymorphic alleles in the genes that code for these
enzymes in genomic DNA from Turkomans, Turks,

and Zoroastrians and looked for a pattern that might

suggest a role for these genes in the etiology of EC.
2. Subjects and methods

The three groups who participated in this ecologic

study were Turkomans from Golestan Province, north-

eastern Iran, Turks from Ardabil Province, northwestern

Iran, and Zoroastrian Persians from Tehran. One

hundred and ten healthy volunteers from each group,

ages 30–60 years, participated in this study. Half of the

volunteers in each group were males. The study was

approved by the Institutional Review Board of the

Digestive Disease Research Center (DDRC), Tehran

University of Medical Sciences, Iran, and was con-

ducted in April 2001. The Office of Human Subjects

Research of the US National Institutes of Health (NIH)

exempted the analysis of the anonymized DNA samples

from this study from review.

After signing the informed consent, each partici-

pant was interviewed and completed a structured

questionnaire to document his or her ethnic back-

ground. Ten milliliter of venous blood was drawn

from each patient. The blood was immediately frozen

and sent on dry ice to the central laboratory of DDRC.

Genomic DNA was extracted from the frozen blood

and kept at K20 8C at DDRC. The samples were

anonymized and then were sent to NCI.

DNA was genotyped for polymorphic sites in the

following genes: CYP1A1 MspI site (m1 or 3801

T>C), CYP1A1 Ile/Val polymorphism in Exon 7

(m2 or 2455 A>G), CYP1A1 African–American

specific polymorphism (m3 or 3205 T>C), CYP2A6

(K48 T>G or *9), CYP2E1 RsaI polymorphism (c2 or

K1293 G>C), GSTM1 homozygous deletion (*0/*0

genotype), GSTT1 homozygous deletion (*0/*0 geno-

type), GSTP1 Codon 104 polymorphism (313 A>G),

ADH2 (*2 vs. *1 allele), ADH3 (*2 vs.*1 allele),

ALDH2 (*2 vs. *1allele), and O6-MGMT (290 C>T).

Genetic polymorphism analyses were carried out by

Bioserve Biotechnologies Inc. (Laurel, MD) using

either Sequenomw (CYP1A1 m1, CYP1A1 m2,

CYP1A1 m3, CYP2A6, CYP2E1, GSTP1, ADH3,

O6-MGMT), PCR-RFLP (GSTM1, GSTT1), or

amplified product length polymorphism (ADH2,

ALDH2) assays. Table 1 shows the primers



Table 1

Primers and different names of the polymorphisms studied

dbSNP

Number

Assay Forward primer Reverse primer Mass extension primer

CYP1A1

(3801 TOC)

(m1)

rs4646903 MALDI-TOF

mass array

ACGTTGGATGACTAC ACGTTGGATGAGTG CACTGTAACCTCCACCTCC

TCAGAGGCTGAGGTG CACTGGTACCATTTTG

CYP1A1

(1506 AOG)

(m2)

rs1048943 MALDI-TOF

mass array

ACGTTGGATGTATCTT ACGTTGGATGGGATAGCCAGGAA-

GAGAAAG

AGACCTCCCAGCGGGCAA

TGGCATGGGCAAGC

CYP1A1

(3205 TOC)

(m3)

rs4986884 MALDI-TOF

mass array

ACGTTGGATGATATGT ACGTTGGATGCTTCTGGCCTTGTAA-

GACCC

GTAAGACCCTTATTGCTGTCC

GCACTCCCTGTGCG

CYP2A6*9

(K48 TOG)

– MALDI-TOF

mass array

ACGTTGGATGGGTAGA ACGTTGGATGAATCAGCCAAAGTC-

CATCCC

ATCCCTCTTTTTCAGGCAGTA

GGGATGATAGATGG

CYP2E1 c2

(K1293 GO
C) (RasI)

rs3813867 MALDI-TOF

mass array

ACGTTGGATGTTGGTTG ACGTTGGATGAAACCAGAGGGAAG-

CAAAGG

CCCTTCTTGGTTCAGGAGAG

TGCTGCACCTAAC

GSTM1*0/*0

(Homo del-

etion)

rs1065411 PCR-RFLP GAACTCCCTG GTTGGGCTCAAATATACGGTGG –

AAAAGC

TAAAGC

GSTT1*0/*0

(Homo del-

etion)

rs4630 PCR-RFLP TTCCTTACTGG TCACCGGATCATGGCCAGCA –

TCCTCA

CATCTC

GSTP1

(313 AOG)

rs947894 MALDI-TOF

mass array

ACGTTGGATCAACCCT ACGTTGGATTGGTGGACATGGT-

GAATGAC

GGAGGACCTCCGCTGCAAATAC

GGTGCAGATGCTC

ADH2*2 rs1229984 APLPa AD1: TTCGTGGCTGTA AD2: ACGCTGTAGGAATCTGTCA AD3: TACCAGGTTGCCACTAACCTCG

GGAATCTGACG

ADH3*2

(350 AOG)

rs698 MALDI-TOF

mass array

ACGTTGGATGCGAAGC ACGTTGGATGCTTGTGGCTGACTT-

TATGGC

CACTGGATGCATTAATAACAAAT

AGGTCAAATCCTTC

ALDH2*2 rs1064933 APLPa AL1: TAGGACACTCACAG AL2: CTCTCACAGTTTTCACTTT AL3: AAGATGTCGGGGAGTGG

TTTTCACATC

O6-MGMT

(290 COT)

(Codon 84)

rs12917 MALDI-TOF

mass array

ACGTTGGATGAATGCCTA ACGTTGGATGACGACTCTTGCTG-

GAAAACGTTTCCACCAGCC TGCTGGAAAACGGGATGGTGAA

a APLP, amplified product length polymorphism.
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and various names of these polymorphism, including

their dbSNP numbers. Genotyping was performed

without knowledge of the ethnicity of the participants.

Genotypes for all of the polymorphisms were success-

fully determined in at least 90% of the participants in

each group, except for GSTP1 and ALDH2: we were

able to genotype GSTP1 in only 82% of the Turk and

82% of the Zoroastrian participants, and we were able

to genotype ALDH2 in only 84% of the Turk and 72%

of the Zoroastrian participants.

We used a c2-test to compare the observed

genotype frequencies with Hardy-Weinberg pro-

portions and to compare the prevalence of different

polymorphisms in the three ethnic groups.
3. Results

Sufficient quantities of DNA samples were

obtained from 107 Turkoman, 108 Turk, and 106

Zoroastrian participants. Hardy-Weinberg equili-

brium was observed for all of the genes within each

ethnic subgroup, except for ADH2. The frequency of

ADH2*2/*1 was higher than expected in all of the

three ethnic groups, suggesting an advantage for the

heterozygote form of this gene.

Table 2 shows the percentages of variant allele

frequencies by ethnicity. Frequencies of CYP2E1 c2

and GSTP1 (313 G) alleles and the GSTT1
Table 2

Prevalence of polymorphic alleles evaluated in our study in the Turkoma

Turkomans (%) Turks (%

CYP1A1 (3801 TOC) (m1) 29 19

CYP1A1 (1506 AOG) (m2) 11 2

CYP1A1 (3205 TOC) (m3) 0 0

CYP2A6*9 (K48 TOG) 14 5

CYP2E1 c2 (K1293 GOC)

(RasI)

4 6

GSTM1*0/*0

(Homo deletion)

41 57

GSTT1*0/*0

(Homo deletion)

22 20

GSTP1 (313 AOG) 23 26

ADH2*2 51 46

ADH3*2 (350 AOG) 20 22

ALDH2*2 0.5 2

O6-MGMT (290 COT)

(Codon 84)

24 16

*P-values have been calculated using c2-test with two degrees of freedom
homozygous deletion genotype did not differ signifi-

cantly among the three ethnic groups, and the

differences in allele frequencies of ADH3*2 and

ALDH2*2 were only marginally significant. However,

there were significant differences in the frequencies of

CYP1A1 m1, CYP1A1 m2, CYP2A6*9, ADH2*2, and

O6-MGMT (290T) alleles and in the frequency of the

GSTM1*0/*0 genotype among the three groups. The

CYP1A1 m3 allele was not seen in any of the blood

specimens.
4. Discussion

Differences in the risk of EC between high- and

low-risk populations may partly be attributed to

host factors, including the genetic make up of

the populations. In this study we have investigated

differences in the prevalence of polymorphic alleles in

genes that are hypothesized to have a role in the

etiology of EC among three populations with high,

medium, and low incidence of EC. The genes that

were investigated in this study were the genes that

code for Phase I (mainly CYPs) and Phase II (mainly

GSTs) drug metabolizing enzymes, alcohol and

aldehyde dehydrogenases, and the DNA repair

enzyme O6-MGMT.

CYP1A1 is a Phase I enzyme that metabolizes poly-

cyclic aromatic hydrocarbons (PAHs) and aromatic
n, Turks, and Persian Zoroastrians

) Zoroastrians (%) P-value*

9 !0.001

1 !0.001

0 –

4 !0.001

6 0.40

66 0.001

19 0.84

20 0.21

68 !0.001

13 0.06

5 0.04

11 0.02

.
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amines, potential environmental risk factors of EC, and

can activate them to ultimate carcinogens [8,9]. Two

polymorphisms in CYP1A1 gene, the m1 and m2

alleles, have been extensively studied and both have

been shown to increase the catalytic activity of this

enzyme and hence to produce more carcinogenic

material [8]. Interestingly, the prevalence of these

rapid metabolizing alleles correlated very well with the

incidence of EC in our study populations. However, the

prevalence of m1 and m2 alleles in Turkomans (29 and

11%, respectively) was lower than the mean preva-

lence reported in a large number of Asian populations

(50 and 28%, respectively [10]), many of whom do not

have high rates of esophageal cancer. Therefore,

although m1 and m2 alleles may contribute to the

high risk of EC among Turkomans, they are unlikely to

be the main reasons for observing such high EC rates in

this group. The CYP1A1*3 (m3) allele was not found in

any of these populations; this was consistent with other

studies that have found this polymorphism only in

African–Americans.

CYP2A6 is a hepatic enzyme that activates

several pro-carcinogens including nitrosamines

[8,11]. Although reduced activity of CYP2A6

would be expected to decrease the amount of

circulating carcinogens and thus be associated with

lower rates of tobacco-related cancers, a study

examining the association between CYP2A6*4, a

variation of the enzyme with completely defective

activity, found a higher incidence of lung cancer and

EC among non-smokers with the deletion [11]. The

authors of this study attributed this finding to the

inhibition of first-pass clearance of nitrosamines in

the liver. They suggested that when CYP2A6 is

active in the liver, carcinogenic material is produced

in the liver and is circulated throughout the whole

body, exposing each distant organ to only small

concentrations of this carcinogen. If the enzyme is

inactive in the liver, however, the pre-carcinogenic

material may reach the esophagus and other target

tissues in higher concentrations and may be

converted locally to carcinogenic material by other

members of the CYP family, such as CYP2E1. If

this speculative rationale is correct, we might expect

CYP2A6 alleles with diminished activity to be

associated with higher rates of EC. We studied the

frequency of CYP2A6*9, a variant allele of the gene

that reduces the activity of the enzyme in vitro, in
our three study populations. In our study the

prevalence of CYP2A6*9 was higher in Turkomans

(14%) than in Turks (5%) and Zoroastrians (4%),

but slightly lower than in two Japanese populations

[12]. The effect of this polymorphism on the

incidence of EC has not been studied previously.

The CYP2E1 enzyme activates many carcinogens,

including nitrosamines. At least four studies have

evaluated the association of the c2 allele of CYP2E1

(previously measured using an RsaI RFLP assay) and

the risk of EC. Three of the studies showed no

association [13–15], while one showed a protective

association between the c2 allele and the risk of EC

[16]. Our study did not show any statistical difference

in the prevalence of this allele between Turkomans,

Turks, or Zoroastrians.

GSTs are Phase II enzymes that catalyze the

conjugation of reduced glutathione to a variety of

carcinogens, including reactive metabolites of

benzo(a)pyrenes and other PAHs, increasing their

water solubility and promoting their excretion [7].

GSTM1, one of the major members of the GST

family, has a null polymorphism (GSTM1*0/*0 or

homozygous deletion of the gene). Individuals with

the null polymorphism lack the detoxifying capabili-

ties attributed to GSTM1, and therefore may be more

susceptible to EC and a range of other cancers.

However, the results of several case-control studies

conducted so far are inconsistent [9,15–22]. The

observed trend in our data, which showed the lowest

prevalence of GSTM*0/*0 in Turkomans and the

highest prevalence in Zoroastrians, shows that

GSTM1*0/*0 is not a major carcinogenic factor for

EC in the Turkoman population.

GSTT1, another member of the GST family also has

a null polymorphism. None of the four case-control

studies that have examined the effect of this poly-

morphism on the risk EC have found any association

[16,19,21,23]. Our three populations were very similar

regarding the prevalence of this polymorphism.

GSTP1 has a coding region single nucleotide

polymorphism which results in replacement of

the amino acid Val by Ile at residue 104. Four case-

control studies have evaluated the association

between this polymorphism and the risk of EC: two

have found no association [16,24], one has found a

positive association [23], and one has found a

negative association [25]. Our study did not find any
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significant difference in the prevalence of this

polymorphism among our three ethnic populations.

Alcohol is converted to acetaldehyde in the

hepatocytes by ADH, and acetaldehyde is in turn

converted to acetate via ALDH. Since acetaldehyde is

a known carcinogen [26], hyperactive forms of ADH

and hypoactive forms of ALDH were originally

hypothesized to be associated with a higher risk of EC.

Contrary to initial expectations, case-control

studies have shown that the ADH2*2 allele, which

encodes a hyperactive form of ADH2, is associated

with a reduced EC risk [15,17,27–30]. Several

possible explanations have been suggested for this

observation [26]. For example, it has been suggested

that hyperactive forms of ADH2 may reduce the time

that alcohol lingers in the esophageal mucosa and

therefore may reduce the risk of esophageal cancer.

Our study also showed a lower prevalence of the

ADH2*2 allele in high-risk Turkomans (51%) than in

low-risk Zoroastrians (68%). For comparison, the

prevalence of this allele in the Japanese population is

approximately 78% [17].

We found the frequency of the ADH2*1/ADH2*2

genotype to be much higher in all the three ethnic

groups than what was expected from Hardy-Weinberg

proportions. Whether this represents a true hetero-

zygote advantage is not clear, but this observation

deserves further attention.

The ADH2 and ADH3 genes are reported to be in

linkage disequilibrium among Asians; the ADH3*1

allele has been shown to be tightly linked to the ADH2*2

allele [26]. A Japanese study showed that after adjusting

for ADH2 status, there was no longer an association

between ADH3 polymorphisms and the risk of EC [17].

In our study, the prevalence of ADH3*2 allele was lower

in Zoroastrians than in the other two groups, but the

difference was not statistically significant.

ALDH2*2, a mutant allele that is common in East

Asians and rare in other ethnic groups, encodes a

variant form of ALDH2 that has very low activity and

results in delayed removal of acetaldehyde from blood

[26]. This polymorphism has been consistently

shown to be positively associated with a higher risk

of EC [15,17,27,29,31–35]. Our results show that the

frequency of this allele is very low in all three groups;

therefore this polymorphism is unlikely to be a reason

for the high incidence of EC observed among

Turkomans.
MGMT is involved in the repair of alkylated

DNA, thereby protecting the cells from neoplastic

events. By accepting the alkyl group from the

alkylated base, this protein restores the original

base [36]. Several polymorphisms have been found

in the gene that encodes this protein, including a

missense polymorphism in codon 84 which results

in substitution of phenylalaninie for leucine [37].

The role of this polymorphism in esophageal

cancer has not been previously examined. Our

results show that this polymorphism was much

more common in Turkomans than in the other two

ethnic groups.

In summary, this study adds to our knowledge of

the allele frequencies of the tested polymorphisms in

previously untested ethnic groups. Our data suggests

that CYP1A1 m3, GSTM1*0, GSTT1*0, GSTP1 313

G, ADH3*2, and ALDH*2 alleles play a very small

role, if any, in the high incidence of EC observed

among Turkomans. Compared to Zoroastrians, Turko-

mans have higher frequency of four alleles that are

presumed to favor carcinogenesis (CYP1A1 m1,

CYP1A1 m2, CYP2A6*9, and ADH2*1); these results

are consistent with an influence of these allele variants

on the population risk of EC and thus strengthen the

notion that these allele variants may be associated

with an increased risk of EC. However, none of these

four alleles had extremely high prevalence in Turko-

mans and three of these four alleles (CYP1A1 m1,

CYP1A1 m2, CYP2A6*9) were less frequent among

Turkomans than in some Asian populations with

lower risks of EC. Therefore, it is unlikely that these

alleles are the main reasons for observing a very high

incidence of EC among Turkomans.
References

[1] D.M. Parkin, F. Bray, J. Ferlay, P. Pisani, Estimating the world

cancer burden: Globocan 2000, Int. J. Cancer 94 (2001) 153–

156.

[2] N. Munoz, N.E. Day, Esophageal cancer in: D. Schottenfeld,

J.F. Fraumeni Jr. (Eds.),second ed. Cancer Epidemiology and

Prevention, Oxford University Press, New York, 1996,

pp. 681–706.

[3] E. Mahboubi, J. Kmet, P.J. Cook, N.E. Day, P. Ghadirian,

S. Salmasizadeh, Oesophageal cancer studies in the Caspian

Littoral of Iran: the Caspian cancer registry, Br. J. Cancer 28

(1973) 197–214.



A. Sepehr et al. / Cancer Letters 213 (2004) 195–202 201
[4] A. Sadjadi, R. Malekzadeh, M.H. Derakhshan, A. Sepehr,

M. Nouraie, M. Sotoudeh, et al., Cancer occurrence in

Ardabil: results of a population-based Cancer Registry from

Iran, Int. J. Cancer 107 (2003) 113–118.

[5] D.J. Jussawalla, V.A. Deshpande, W. Haenszel, M.V. Natekar,

Differences observed in the site incidence of cancer, between

the Parsi community and the total population of greater

Bombay: a critical appraisal, Br. J. Cancer 24 (1970) 56–66.

[6] F. Sumer, Oguzlar (Turkmenler), fifth edition. Turk Dunyasi

Arastimalari Yakf, Istanbul, 1999.

[7] P. Vineis, N. Malats, M. Lang, A. d’Errico, N. Caporaso,

J. Cuzick, et al.,first ed. Metabolic Polymorphisms and

Susceptibility to Cancer International Agency for Research

on Cancer, Lyon, 1999 p. 510.

[8] H. Bartsch, U. Nair, A. Risch, M. Rojas, H. Wikman,

K. Alexandrov, Genetic polymorphism of CYP genes, alone

or in combination, as a risk modifier of tobacco-related

cancers, Cancer Epidemiol. Biomarkers Prev. 9 (2000) 3–28.

[9] S. Morita, M. Yano, H. Shiozaki, T. Tsujinaka, C. Ebisui,

T. Morimoto, et al., CYP1A1, CYP2E1 and GSTM1

polymorphisms are not associated with susceptibility to

squamous-cell carcinoma of the esophagus, Int. J. Cancer 71

(1997) 192–195.

[10] S. Garte, L. Gaspari, A.K. Alexandrie, C. Ambrosone,

H. Autrup, J.L. Autrup, et al., Metabolic gene polymorphism

frequencies in control populations, Cancer Epidemiol. Bio-

markers Prev. 10 (2001) 1239–1248.

[11] W. Tan, G.F. Chen, D.Y. Xing, C.Y. Song, F.F. Kadlubar,

D.X. Lin, Frequency of CYP2A6 gene deletion and its relation

to risk of lung and esophageal cancer in the Chinese

population, Int. J. Cancer 95 (2001) 96–101.

[12] K. Kiyotani, H. Yamazaki, M. Fujieda, S. Iwano,

K. Matsumura, S. Satarug, et al., Decreased coumarin 7-

hydroxylase activities and CYP2A6 expression levels in

humans caused by genetic polymorphism in CYP2A6

promoter region (CYP2A6*9), Pharmacogenetics 13 (2003)

689–695.

[13] M. Pitarque, O. von Richter, B. Oke, H. Berkkan,

M. Oscarson, M. Ingelman-Sundberg, Identification of a

single nucleotide polymorphism in the TATA box of the

CYP2A6 gene: impairment of its promoter activity, Biochem.

Biophys. Res. Commun. 284 (2001) 455–460.

[14] C. Gao, T. Takezaki, J. Wu, Z. Li, J. Wang, J. Ding, et al.,

Interaction between cytochrome P-450 2E1 polymorphisms

and environmental factors with risk of esophageal and

stomach cancers in Chinese, Cancer Epidemiol. Biomarkers

Prev. 11 (2002) 29–34.

[15] H. Hori, T. Kawano, M. Endo, Y. Yuasa, Genetic polymorph-

isms of tobacco- and alcohol-related metabolizing enzymes

and human esophageal squamous cell carcinoma suscepti-

bility, J. Clin. Gastroenterol. 25 (1997) 568–575.

[16] W. Tan, N. Song, G.Q. Wang, Q. Liu, H.J. Tang,

F.F. Kadlubar, et al., Impact of genetic polymorphisms in

cytochrome P450 2E1 and glutathione S-transferases M1, T1,

and P1 on susceptibility to esophageal cancer among high-risk

individuals in China, Cancer Epidemiol. Biomarkers Prev. 9

(2000) 551–556.
[17] A. Yokoyama, H. Kato, T. Yokoyama, T. Tsujinaka, M. Muto,

T. Omori, et al., Genetic polymorphisms of alcohol and

aldehyde dehydrogenases and glutathione S-transferase M1

and drinking, smoking, and diet in Japanese men with

esophageal squamous cell carcinoma, Carcinogenesis 23

(2002) 1851–1859.

[18] A.H. Wang, C.S. Sun, L.S. Li, J.Y. Huang, Q.S. Chen,

Relationship of tobacco smoking CYP1A1 GSTM1 gene

polymorphism and esophageal cancer in Xi’an, World

J. Gastroenterol. 8 (2002) 49–53.

[19] C.M. Gao, T. Takezaki, J.Z. Wu, Z.Y. Li, Y.T. Liu, S.P. Li,

et al., Glutathione-S-transferases M1 (GSTM1) and GSTT1

genotype, smoking, consumption of alcohol and tea and risk of

esophageal and stomach cancers: a case-control study of a

high-incidence area in Jiangsu Province, China, Cancer Lett.

188 (2002) 95–102.

[20] G. Shao, Y. Su, G. Huang, B. Wen, Relationship between

CYP1A1, GSTM1 genetic polymorphisms and susceptibility

to esophageal squamous cell carcinoma, Zhonghua Liu

Xing.Bing.Xue.Za Zhi 2000; 420–423.

[21] M.J. Roth, S.M. Dawsey, G. Wang, J.A. Tangrea, B. Zhou,

D. Ratnasinghe, et al., Association between GSTM1*0 and

squamous dysplasia of the esophagus in the high risk region of

Linxian, China, Cancer Lett. 156 (2000) 73–81.

[22] Y. Nimura, S. Yokoyama, M. Fujimori, T. Aoki, W. Adachi,

T. Nasu, et al., Genotyping of the CYP1A1 and GSTM1 genes

in esophageal carcinoma patients with special reference to

smoking, Cancer 80 (1997) 852–857.

[23] E.M. van Lieshout, H.M. Roelofs, S. Dekker, C.J. Mulder,

T. Wobbes, J.B. Jansen, et al., Polymorphic expression of the

glutathione S-transferase P1 gene and its susceptibility to

Barrett’s esophagus and esophageal carcinoma, Cancer Res.

59 (1999) 586–589.

[24] J.M. Lee, Y.C. Lee, S.Y. Yang, W.L. Shi, C.J. Lee, S.P. Luh,

et al., Genetic polymorphisms of p53 and GSTP1, but not

NAT2, are associated with susceptibility to squamous-cell

carcinoma of the esophagus, Int. J. Cancer 89 (2000) 458–

464.

[25] S. Morita, M. Yano, T. Tsujinaka, A. Ogawa, M. Taniguchi,

K. Kaneko, et al., Association between genetic polymorphisms

of glutathione S-transferase P1 and N-acetyltransferase 2 and

susceptibility to squamous-cell carcinoma of the esophagus,

Int. J. Cancer 79 (1998) 517–520.

[26] A. Yokoyama, T. Omori, Genetic polymorphisms of alcohol

and aldehyde dehydrogenases and risk for esophageal

and head and neck cancers, Jpn. J. Clin. Oncol. 33 (2003)

111–121.

[27] A. Yokoyama, T. Muramatsu, T. Omori, T. Yokoyama,

S. Matsushita, S. Higuchi, et al., Alcohol and aldehyde

dehydrogenase gene polymorphisms and oropharyngolaryn-

geal, esophageal and stomach cancers in Japanese alcoholics,

Carcinogenesis 22 (2001) 433–439.

[28] A. Yokoyama, T. Muramatsu, T. Omori, S. Matsushita,

H. Yoshimizu, S. Higuchi, et al., Alcohol and aldehyde

dehydrogenase gene polymorphisms influence susceptibility

to esophageal cancer in Japanese alcoholics, Alcohol Clin.

Exp. Res. 23 (1999) 1705–1710.



A. Sepehr et al. / Cancer Letters 213 (2004) 195–202202
[29] Y.C. Chao, L.S. Wang, T.Y. Hsieh, C.W. Chu, F.Y. Chang,

H.C. Chu, Chinese alcoholic patients with esophageal cancer

are genetically different from alcoholics with acute pancrea-

titis and liver cirrhosis, Am. J. Gastroenterol. 95 (2000) 2958–

2964.

[30] P. Boonyaphiphat, P. Thongsuksai, H. Sriplung, P. Puttawibul,

Lifestyle habits and genetic susceptibility and the risk of

esophageal cancer in the Thai population, Cancer Lett. 186

(2002) 193–199.

[31] A. Yokoyama, T. Muramatsu, T. Ohmori, T. Yokoyama,

K. Okuyama, H. Takahashi, et al., Alcohol-related cancers and

aldehyde dehydrogenase-2 in Japanese alcoholics, Carcino-

genesis 19 (1998) 1383–1387.

[32] H. Tanabe, M. Ohhira, T. Ohtsubo, J. Watari, K. Yokota,

Y. Kohgo, Genetic polymorphism of aldehyde dehydrogenase

2 in patients with upper aerodigestive tract cancer, Alcohol

Clin. Exp. Res. 23 (1999) 17S–20S.

[33] K. Matsuo, N. Hamajima, M. Shinoda, S. Hatooka, M. Inoue,

T. Takezaki, et al., Gene-environment interaction between an
aldehyde dehydrogenase-2 (ALDH2) polymorphism and

alcohol consumption for the risk of esophageal cancer,

Carcinogenesis 22 (2001) 913–916.

[34] S. Itoga, F. Nomura, Y. Makino, T. Tomonaga, H. Shimada,

T. Ochiai, et al., Tandem repeat polymorphism of the CYP2E1

gene: an association study with esophageal cancer and lung

cancer, Alcohol Clin. Exp. Res. 26 (2002) 15S–19S.

[35] A. Yokoyama, T. Muramatsu, T. Ohmori, S. Higuchi,

M. Hayashida, H. Ishii, Esophageal cancer and aldehyde

dehydrogenase-2 genotypes in Japanese males, Cancer

Epidemiol. Biomarkers Prev. 5 (1996) 99–102.

[36] L. Wang, D. Zhu, C. Zhang, X. Mao, G. Wang, S. Mitra, et al.,

Mutations of O6-methylguanine-DNA methyltransferase gene

in esophageal cancer tissues from Northern China, Int.

J. Cancer 71 (1997) 719–723.

[37] S. Egyhazi, S. Ma, K. Smoczynski, J. Hansson, A. Platz,

U. Ringborg, Novel O6-methylguanine-DNA methyltransfer-

ase SNPs: a frequency comparison of patients with familial

melanoma and healthy individuals in Sweden, Hum. Mutat. 20

(2002) 408–409.


	Genetic polymorphisms in three Iranian populations with different risks of esophageal cancer, an ecologic comparison
	Background
	Subjects and methods
	Results
	Discussion
	References


